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[57] ABSTRACT 
An adhesive composition is provided for hard human 
tissues which contains 0.1 to 10 weight percent as phos 
phorus of a phosphinic acid compound having the 

structure. This adhesive composition provides an inti 
mate bond with hard human tissues such as tooth, bone, 
etc. and has prolonged stability under wet conditions. 
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ADHESIVE COMPOSITION WITH IMPROVED 
BONDING AFFINITY FOR HARD HUMAN 

TISSUES * 

BACKGROUND OF THE INVENTION 
1. Fieldof the Invention 
This invention relates to adhesive‘ compositions for 

hard human tissues such as tooth, bone, etc. More par 
ticularly, this invention relates to adhesive compositions 
such as adhesives for the treatment of a complex frac 
ture of the bone, ?lling agents for the ?xation of arti?c 
ial joints, dental adhesives, dental ?lling materials, etc., 
which must retainpowerful bond strengths under wet 
conditions. I > ' 

2. Description of the Prior Art 
As the prior art adhesive agents fo the ?xation of 

arti?cial joints or dental ?lling agents, there are known 
mixtures of polymethyl methacrylate with methyl 
methacrylate, mixtures of bisphenol-A diglycidyl meth 
acrylate with triethylene glycol dimethacrylate, etc. as 
cured with a radical-generating agent such as a perox 
ide-amine compound system. However, the cured mass 
obtained by the known method has little affinity for 
hard human tissues, the bond strength under wet condi 
tions being as low as about 0 to 5 kg/cmz. For use as 
preventive ?lling agents or orthodontic cements, adhe 
sives based on a-cyanoa'crylates have been proposed 
recently to provide an improved adhesion with the 
dentinal tissue but these adhesives proved to have poor 
stability in the oral cavity and problems in connection 
with handling and application. The dental adhesives 
obtainable by the polymerization of methyl methacry 
late with trialkylborons (Japanese Pat. Publications No. 
14318/ 1967 and No. 29195/ 1970) have only a poor 
bonding affinity for the enamel, despite their favorable 
performance with respect to the dentin. It is also known 
that improved adhesion may be established by adding 
an addition-polymerizable organic phosphoryl mono 
fluoride compound to a dental adhesive composition 
(US. Pat. No. 3,882,600) but the P-F bond in this com 
pound brings forth safety problems because of the toxic 
nature of the ?uorine compound. 

It is further known that improved adhesion may be 
obtained by adding a divalent phosphoric acid contain 
ing a vinyl group allegedly capable of combining itself 
with the calcium in the tooth as an adhesive composi 
tion (Journal of Dental Research 53, 879-888, 1974). 
This product, however, is practically not suf?ciently 
useful owing to its low bonding affinity. 

It has recently been reported that certain monomers 
having the structure 

provide a durable and strong bond with the tooth 
enamel (Journal of Dental Research 56, 943-952, 1977) 
but the report does not refer to the question of adhesion 
to the dentin. Some of the present inventors previously 
discovered that phosphoric or phosphonic acid ester 
compounds having at least one radical-polymerizable 
functional group and a 
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OH OH 

group have an excellent adhesive af?nity for the tooth 
and particularly with respect to the dentin and accord 
ingly ?led patent applications U.S. Ser. No. 778,734 and 
No. 829,486). Nonetheless, we discovered that those 
phosphoric or phosphonic acid ester compounds leave 
something to be improved in respect of their stability 
under wet conditions. ' 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
an adhesive composition for hard human tissues, which 
composition provides a strong, lasting and stable bond 
with both the dentin and enamel of the tooth, bone, etc. 
and is not injurious to the human body. 

It is another object of this invention to provide an 
adhesive composition for hard human tissues which is 
of value as a dental ?lling material. 

It is still another object of this invention to provide an 
adhesive composition which is useful for establishing a 
bond between the dentinal tissue and a dental ?lling 
material. 

It is yet another object of this invention to provide an 
adhesive composition which is useful for establishing a 
bond between the tooth and an inlay or crown. 

Other objects of this invention will become apparent 
as the following detailed description of the invention 
proceeds. 
The above-mentioned objects may be accomplished 

by the present adhesive composition containing 0.1 to 
10 weight percent, as phosphorus, of a phosphinic acid 
compound in which the phosphorus atom occurs in the 
structure 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The phosphinic acid compound that is employed 
according to this invention may be any compound that 
has the structure 

although the compounds represented by the following 
formula (1) are particularly preferred. 

(1) 

In the above formula, R1 and R2, respectively, designate 
an organic compound residue which contains 1 to 25 
carbon atoms and the molecular weight of which is not 
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more than 500, at least one of R1 and R2 containing a 
polymerizable group. As examples of said polymeriz 
able group may be mentioned epoxy, hydroxyl, amino, 
carboxyl, etc. which are capable of providing an in 
creased molecular weight by undergoing an epoxy ring 5 
opening reaction, amidation, polyesteri?cation, uretha 
nation or other ring-opening, polycondensation or addi 
tion-polymerization reaction, and vinyl groups which 
are able to undergo addition-polymerization to provide 
an increased molecular weight are particularly desir- 10 
able. The vinyl groups preferably have styrenic, acrylic 
or methacrylic structures. It is still more preferable that 
at least one of R1 and R; has a phenyl or naphthyl 
group. Such a phosphinic acid compound may be con 
tained as a monomer in the adhesive composition or 
/and may be contained in the form of a homopolymer 
or a copolymer with other monomers. Such polymers 
normally have molecular weights not less than 1000 and 
not more than a million. 

By virtue of containing such a phosphinic acid com 
pound, the adhesive composition of this invention not 
only displays an excellent adhesive affinity for hard 
human tissues under wet conditions but, because of the 
excellent resistance of the phosphinic acid compound to 
hydrolysis, retains its high bond strength over an ex 
tended period of time. 
Compared with the prior art phosphoric or phos 

phonic acid ester compounds, the phosphinic acid com 
pounds of this invention have excellent practical advan 
tages. Thus, the latter have improved shelf lives, being 
free from discoloration on prolonged storage, and im 
proved resistance to hydrolysis and provide a lasting 
bond strength. 
As examples of phosphinic acid compounds accord- 35 

ing to this invention, the following compounds may be 
mentioned. 
Examples of compounds which do not contain poly 

merizable groups: 
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The general method for producing compounds of the 
formula: - 

0 
ll 

OH 

as follows. 

The detailed reaction conditions may be selected 
with reference to the following literature. 
“Organophosphorous Monomers and Polymers" by 

Ye. L. Gefter (Pergamon Press, New York, 1962) 
“Organophosphorus Compounds” by G. M. Koso 

lapoff (Wiley, New York, 1950) 
“Organophosphorus Compounds" by M. Ota 

(Gihodo, 1971, in Japanese language) 
In accordance with this invention, some of the OH 

groups in the 

structure may exist in the form of a salt, e.g. as ONa, 
although the degree of such substitution is preferably 
such that the residual content of phosphorus in the form 
of 
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6 

in the adhesive composition is not less than 0.1 percent 
by weight. The salt may be any of various metal salts 
and amine salts and is useful for the purpose of mitigat 
ing the possible irritation of the free acid to the human 
body. 
An improved adhesion is obtained when such a phos 

phinic acid compound is contained in an amount not less 
than 0.1 weight percent as phosphorus (based on the 
adhesive composition), preferably in a proportion not 
less than 0.3 weight percent on the same basis. The 
adhesive strength rather tends to drop as the phospho 
rus content increases beyond 10 weight percent. 
By adding a phosphinic ‘acid compound to a conven 

tional adhesive compositioh, adhesive agent or cement 
for hard human tissues, an improvement in the adhesive 
affinity of such composition or agent can be realized. 
Particularly, said phosphinic acid compound preferably 
contains a vinyl group and is copolymerized, when the 
bonding operation is carried out, with some other co 
polymerizable monomer which may also be previously 
incorporated in the adhesive composition. As examples 
of said copolymerizable monomer may be mentioned 
acrylic acid, methacrylic acid and their esters, acrylam 
ides, styrene, vinyl acetate and so on. In view of the 
physical properties of the resultant polymers, these 
copolymerizable monomers preferably contain not 
more than 30 carbon atoms per vinyl group. Thus, it is 
preferable that, in the case of a monovinyl monomer, it 
contain up to 30 carbon atoms and that, in the case of a 
divinyl monomer, it contain up to 60 carbon atoms. 
Particularly preferred compounds among such mono 
mers are acrylic (or methacrylic) acid esters such as 
monovinyl (meth) acrylates, e.g. methyl (meth)acrylate, 
ethyl (meth)acrylate, propyl (meth)acrylate,hydrox 
yethyl (meth)acrylate,hydroxypropyl (metha)acrylate, 
diethylene glycol (meth)acrylate, triethylene glycol 
(metha)-acrylate, the monoester of trimellitic acid with 
hydroxyethyl (meth)acrylate, etc. and polyfunctional 
(meth)acrylates, e.g. ethylene glycol di(meth)acrylate, 
di, tri- or tetraethylene glycol di(meth)acrylate, glyc 
erin tri(meth)acrylate, neopentyl glycol di(meth)acry 
late, butanediol di(meth)acrylate, trimethylolpropane 
(tri(meth)acrylate, tetramethylolmethane tetra(meth) 
acrylate, bisphenol-A di(meth)acrylate, bisphenol-A 
diglycidyl (meth)acrylate, 2,2-bis(4-methacryloxye 
thoxyphenyDpropane and so on. The copolymerizing 
ratio of the phosphinic compound to such copolymeriz 
able monomer or monomers is optional but in consider 
ation of the water resistance of the resultant polymers, 
the proportion of the phosphinic acid compound is 
preferably not more than 10 mo] percent. 
As to polymerization initiators for the phosphinic 

acid compound containing a vinyl group, such catalyst 
systems of the room temperature cure type as amine 
peroxide, amine-peroxide-sul?nic acid salt, peroxide 
sul?nic acid and trialkylboron may be mentioned as 
well as ultraviolet sensitizers. Particularly, the use of a 
curing system comprising a peroxide, amine and sul? 
nate is desirable. 
As components to be employed in the adhesive com 

ponents of this invention, in addition to the phosphinic 
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acid compound, other polymers, ?llers (quartz, glass, 
etc), metal oxides, stabilizers, plasticizers and so forth . 
may be mentioned, which are conventionally used in 
the ?eld of adhesive agents for the hard tissues of the 
human body. One may optionally select suitable compo 
nents from among such components. 

In applying the adhesive compositions of this inven 
tion to the hard tissues of the human body, they may be 
coated over or ?lled into the hard tissues in a pasty or 
liquid state, and then the setting or curing operation is 
carried out, whereby the function of the adhesive is 
ful?lled. The above setting and curing methods may be 
of the following variety. There may for example be 
mentioned increasing the molecular weight by binding 
with a metal, a metal oxide and so on, network forming, 
evaporation of a solvent and polymerization of the mon 
omer. 

Setting by means of a metal oxide, for instance, is a 
preferred procedure that may be applied when the in 
tended use is as a joining cement, while the procedure 
involving the evaporation of a solvent is suitable when 
the product is used as an adhesive primer in the ?lling of 
a resin compound into a tooth cavity. For these pur 
poses, the phosphinic acid ester compound of this in 
vention having the 

structure is suf?ciently useful even if it does not contain 
a polymerizable group, provided that said compound 
has a fairly high molecular weight. The method of set 
ting and curing of the adhesive composition which 
depends on the polymerization‘ of monomers is suited 
when the product is used as a bone cement, dental ?lling 
resin or the like. In these applications, the molecule 
containing the 

OH 

structure preferably contains at least one polymerizable 
group. 
The compound is added in a monomeric form to the 

adhesive composition and polymerized at the time of 
curing. 
Now, the adhesive composition of this invention will 

be described in detail with particular reference to dental 
?lling materials and adhesive agents for bonding a den 
tal ?lling material to the tooth, which are preferred uses 
of the invention. When the adhesive composition is 
employed as a dental ?lling material, a ?lling material 
with an improved bonding strength can be obtained by 
admixing the phosphinic acid compound with a conven 
tional ?lling agent. A phosphinic acid containing a vinyl 
group is preferably employed and admixed with a co 
polymerizable monomer (or monomers), ?ller and initi 
ator to prepare the ?lling material. As examples of the 
copolymerizable monomer, use may be made of meth 
acrylic acid esters containing aromatic groups such as 
bisphenol-A diglycidyl methacrylate, bisphenol-A di 
methacrylate, etc. and polyfunctional methacrylic acid 
esters such as ethylene glycol dimethacrylate, triethyl 
ene glycol dimethlacrylate, neopentyl glycol dimethac 
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8 
rylate, etc. As the ?llers, silanated quartz powder and 
fused silica powder with grain sizes from 1 to 50p, 
colloidal silica with diameters not more than 1p. and 
high polymer powders with diameters in the range of l 
to 200;)., which are conventionally employed, may be 
utilized either singly or as a mixture. The initiator may 
be selected from among the aforementioned initiators of 
room temperature cure type. Since such initiator is a 
binary or ternary system and its decomposition starts 
immediately upon admixing, it is'made available in two 
or three independent packages. 
When the adhesive composition of this invention is 

used as an adhesive agent for bonding a dental ?lling 
material to the tooth, the composition is coated over the 
wall of the cavity in the tooth and, then, the ?lling 
material is ?lled into the cavity to repair the tooth. In 
this manner, a high bond strength is obtained between 
the tooth and the ?lling material. The above adhesive 
agent is prepared by dissolving a vinyl-containing phos 
phinic acid compound of this invention in a volatile 
organic solvent with a boiling point of not more than 
80° C. (e.g. ethanol, ethyl ether, etc.) or in another 
copolymerizable monomer (e.g. a metharylic acid es 
ter). Preferably, the aforementioned initiator of room 
temperature cure type is incorporated in the adhesive 
agent. This means that said adhesive agent is made 
available in two or three independent packages, with 
the phosphinic acid compound of this invention being 
contained in at least one of said packages. This adhesive 
agent, taken together with the conventional dental ?ll 
ing material, provides an orthondontic restoration mate 
rial having a considerably increased adhesive strength 
and a signi?cantly improved shelf life over the conven 
tional orthodontic restoration material. Moreover, the 
dental ?lling material containing a phosphinic acid 
compound according to this invention may be used as 
an orthodontic restoration material in conjunction with 
a conventional dental adhesive. 

Because this invention may, thus, be practiced by the 
application of the conventional clinical techniques with 
out any signi?cant modi?cation, the dentist and others 
in the profession can easily use the adhesive composi 
tion of this invention. Furthermore, the adhesive com 
position of this invention provides a strong bond 
strength with respect to hard human tissues such as 
tooth and bone, which has never been accomplished by 
the prior art and this bond strength is fully retained over 
a long period of time under wet conditions such as those 
encountered in the oral cavity and in the body. 
The following examples are intended to illustrate this 

invention in further detail without limiting its scope 
thereto. ' 

EXAMPLE 1 

By the procedures described below, vinylbenzyl 
phenylphosphinic acid was synthetized and an adhesive 
composition for hard human tissues was prepared. 

(1) Synthesis of vinylbenzylphenylphosphinic acid 
A three-necked flask of l 1 capacity was charged with 

4.86 g of magnesium, 80 ml of dry tetrahydrofuran and 
50 mg of iodine. Then, by means of a dropping funnel, 
a solution of 30.6 g of p-chloromethylstyrene in 300 ml 
of dry tetrahydrofuran was added dropwise and the 
reaction was carried out at room temperature. When 
the magnesium had substantially disappeared, 39 g of 
phenylsulfonic acid dichloride 
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was added dropwise with ice-cooling. After the drop 
wise addition had been completed, the reaction mixture 
was heated once to the boiling point of tetrahydrofuran 
and held at that temperature for 10 minutes. Then, at 
room temperature, a solution of 40 ml of concentrated 
hydrochloric acid in a mixture of 200 ml water and 200 
g ice was added in small installments. The reaction 
mixture was extracted with 300 ml of ethyl ether and a 
mixture of 22.3 g of triethylamine and 10.8 g of water 
was added to the extract. The precipitate was ?ltered, 
followed by extractive puri?cation to obtain 15 g of the 
contemplated phosphinic acid compound. 

(2) Production of an adhesive composition for hard 
human tissues 

Using the phosphinic acid compound prepared 
above, a two-package adhesive composition consisting 
of a powder and a liquid component was produced. 

Package A (liquid component): 80 weight parts of 
methyl methacrylate, 10 wt. parts of ethylene glycol 
dimethacrylate, 10 wt. parts of vinylbenzylphenylphos 
phinic acid ‘ 

0 
ll 

(CH2: CH CHZ—P ), 

OH 

1 wt. part of N,N-diethanol-p-toluidine and, as a poly 
merization inhibitor, 0.02 wt. part of hydroquinone 
monomethyl ether were admixed to prepare a solution. 

Package B (powder component): 100 weight parts of 
polymethyl methacrylate (mol. wt. 130,000), 2 wt. parts 
of benzoylyperoxide and 3 wt. parts of sodium ben 
zenesul?nate were evenly admixed to prepare a powder 
component. 

(3) Determination of adhesive strength 
A pair of wet bars of ivory, 10 mm by 10 mm by 100 

mm, were prepared and the end surfaces (10 mm by 10 
mm each) of the bars were wiped free of moisture with 
a paper wiper. Equal weight parts of Packages A and B 
were admixed and the mixture was coated over said end 
surfaces. The two bars were joined end to end. The 
adhesive mixture made up of the two packages set at 
room temperature within a few minutes. Then, the as 
sembly was immersed in water at 37° C. for 24 hours 
and the bars were pulled apart at a rate of 2 mm/ min. to 
measure the bond strength. The result showed an excel 
lent bond strength, i.e. 74 kg/cmz. The same bond 
strength was still found after the assembly of bars had 
been kept immersed in water at 37° C. for 6 months, 
thus indicating that the adhesive composition of this 
invention was excellent in the retention of bond 
strength. A control adhesive composition obtained in 
the same manner as above except that vinylbenzyl 
phenylphosphinic acid was omitted ‘from Package A 
was found‘to have a bond strength of aslow as about 2 
kg/cm2 as similarly measured. 1 

EXAMPLE 2 

Using the following materials in the indicated 
amounts, a two-liquid adhesive‘ primer and a two-paste 
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10 
composite resin were each produced in the following 
manner. 

(1) Adhesive primer 
Package C: 

Bisphenol-A diglycidyl methacrylate 30 wt. parts 
Triethylene glycol dimethacrylate 20 wt. parts 
Neopentyl glycol dimethacrylate 20 wt. parts 
Z-Hydroxyethyl methacrylate 20 wt. parts 
Benzoyl peroxide 2 wt. parts 
Hydroquinone monomethyl ether 0.05 wt. part 

To the above mixture was added 10 weight parts of 
vinylbenzylphenylphosphinic acid according to this 
invention. A control primer was prepared in the same 
manner as above but using 2-methacryloxyethylphenyl 
phosphoric acid or 2-methacryloxyethylphosphoric 
acid in lieu of the above phosphinic acid. 
Package D: 

Ethanol - 100 wt. parts 

Sodium benzenesul?nat 3 wt. parts 
N,N-diethanol-p-toluidine 1 wt. part 

(2) Composite Resin 
Package E: 

Bisphenol-A diglycidyl methacrylate 18.3 wt. parts 
Triethylene glycol dime’thacrylate 6.1 wt. parts 
Silanated quartz powder 74.4 wt. parts 
Colloidal silica 1.0 wt. part 
N,N-diethanol-p-toluidine 0.2 wt. part 
Hydroquinone monomethyl ether 0.02 wt. part 
2,6-Di-t-butyl-p-cresol 0.02 wt. part 

Package F: 

Bisphenol-A diglycidyl methacrylate 18.0 wt. parts 
Triethylene glycol dimethacrylate 6.0 wt. parts 
Silanated quartz powder 74.6 wt. parts 
Colloidal silica 1.0 wt. part 
Benzoyl peroxide 0.4 wt. part 
Hydroquinone monomethyl ether 0.02 wt. part 
2,6-Di-t-butyl-p-cresol 0.04 wt. part 

(3) Determination of bond strength and shelf life 

Wet ivory bars similar to those described in Example 
1 were prepared. A drop each of Package C and Pack 
age D was taken in a glass dish and, after blending, the 
mixture was coated on the end faces of the ivory bars 
with a small-sized brush. The coated faces were blown 
with compressed air to evaporate the ethanol from the 
primer. Then, equal weights of materials were taken 
from Packages E and F and mixed well. The mixture 
was sandwiched between said end faces and the bars 
were joined end to end. Thereafter, the assembly was 
immersed in water at 37° C. for 24 hours and the bond 
strength was measured as in Example 1. The results are 
shown in Table 1. On the other hand, Adhesive Primer 
C was stored as packaged at room temperature ‘for 6 
months to investigate its shelf life. The results are also 
shown in Table 1. Such shelf lives were evaluated on 
the basis of discoloration. 
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Table 1 
Bond 

Phosphinic acid strength Resistance to 
No. in Package C (kg/cmz) discoloration 

Vinylbenzylphenyl 
phosphinic acid 

l-l ("3 l08 Not colored 

(CH2=CH—©—CH2-—l|>—® ) 
OH 

Z-Methacryloxyethylphenyl 
phosphoric acid 

l-2 $H3 (I? l2l Yellowish brown 

CH2=C-—C00CH2CH2O—ll’—O—© ) 
OH 

Z-Methacryloxyethyl 
phosphoric acid 

CH3 0 19 Not colored 

It will be apparent from Table 1 that the adhesive 
composition of this invention (l—1) provided an excel 
lent bond strength with respect to wet ivory bars and 
had a long shelf life showing high stability without 
discoloration even on prolonged storage. This com 
pares with the prior art composition (1—2) containing a 
phosphoric acid ester compound, which had a high 
bond strength with respect to wet ivory bars but dis 
played only a poor shelf life with the package contain 
ing the above compound suffering discoloration on 
prolonged storage. In the case of (l——3) containing a 
dibasic phosphoric acid ester compound, the composi 
tion had only a very low adhesive af?nity for wet ivory 
bars, thus being considerably inferior to the adhesive 
composition of this invention. 

EXAMPLE 3 

An adhesive composition for hard human tissues 
which consisted of the following two packages was 
prepared as follows. Package G (liquid component): 80 
wt. parts of methyl methacrylate, 10 wt. parts of ethyl 
ene glycol dimethacrylate, 10 wt. parts of vinylphenyl 
phosphinic acid 

1 wt. part of N,N-diethanol-p-toluidine and 0.02 wt. 
part of hydroquinone monomethyl ether were admixed 
to prepare a solution. 
Package H (powder component): 

100 wt. parts of polymethyl methacrylate powder 
(mol. wt. 130,000), 2 wt. parts of benzoyl peroxide and 
3 wt. parts of sodium benzenesul?nate were evenly 
admixed. 

Small amounts of the contents of Packages G and H 
were mixed and applied to wet ivory bars and the bond 
strength was measured as in Example 1. The bond 
strength was found to be 42 kg/cm2. 

EXAMPLE 4 

To 0.5 ml of a liquid consisting of 80 wt. parts of 
methyl methacrylate, 15 wt. parts of triethylene glycol 
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65 

dimethacrylate, 5 wt. parts of vinylbenzylphenylphos 
phinic acid 

(CH2=CH Cl-h-P ) 
I 
OH 

and 0.03 parts of hydroquinone monomethyl ether was 
added 0.02 ml of tri-n-butylborane as a polymerization 
initiator. After thorough mixing, 0.5 g of polymethyl 
methacrylate powder was added, followed by further 
mixing. The resultant adhesive composition was applied 
to wet ivory bars and the bond strength was measured 
as in Example 1. The bond strength was found to be 106 
kg/cm2. 

EXAMPLE 5 

The following two packages were produced for use 
as an adhesive composition for hard human tissues. 
Package I (liquid component): To a mixture of 90 wt. 
parts of methyl methacrylate, 10 wt. parts of allyl 
phenylphosphinic acid 

c6n5/ \OH 

and 0.5 wt. part of dimethyl-p-toluidine was added 0.02 
wt. part of hydroquinone monomethyl ether as a poly 
merization inhibitor. Then, 0.005 wt. part of 2-hydroxy 
4-methoxybenzophenone as an ultraviolet absorber was 
further added and admixed to prepare Package I. Pack 
age J (powder component): l00 wt. parts of polymethyl 
methacrylate (mol. wt. 130,000), 1.3 wt. parts of ben 
zoyl peroxide and 1.5 wt. parts of sodium p-toluenesul? 
nate were admixed. 
When aliquots of Packages I and I were admixed, the 

mixture cured at room temperature within a few min 
utes. An extracted human molar was divided in half and 
the viscous mixture of Packages I and J was applied to 
the ground mating surfaces of the halves. When the 
halves were joined to restore the original molar, they 
were intimately bonded. A hole was drilled in each of 
the halves and the joined molar specimen was immersed 
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in water at 37° C. for 6 months with a weight of 1 kg 
hung from the specimen. It was found that the bond 
strength was not affected by the above treatment. 

EXAMPLE 6 

The following two packages were prepared as an. 
adhesive primer for application between a dental ?lling 
composite resin and a tooth. Package K (liquid compo 
nent): 40 wt. parts of bisphenol-A diglycidyl methacry 
late, 50 wt. parts of triethylene glycol dimethacrylate, 
10 wt. parts of styrylmethylphosphinic acid 

CH3 

and 1.5 wt. parts of benzoyl peroxide were admixed to 
prepare Package K. Package L (liquid component): 40 
wt. parts of bisphenol-A diglycidyl methacrylate, 60 wt. 
parts of hydroxyethyl methacrylate, 3 wt. parts of so 
dium benzenesul?nate and 2 wt. parts of N,N-diethanol 
p-toluidine were admixed to prepare Package L. 
When Packages K and L were admixed, the adhesive 

system having a strong adhesive af?nity for hard human 
tissues consisting of collagen and calcium apatite was 
activated and cured itself to give a ?rm bond at room 
temperature within a few minutes. A simple cavity was 
formed in an extracted human tooth and the cavity wall 
of enamel was treated with a 50% aqueous solution of 
phosphoric acid, rinsed with water and dried. One drop 
each of Package K and Package L (substantially, equal 
portions) was taken, mixed in a glass dish and applied to 
the enamel and dentinal parts of said tooth cavity with 
a small ball of cotton. Then, a dental ?lling composite 
resin (Adaptic ®, Johnson & Johnson) was further 
?lled into the cavity. The adhesive composition made 
up of Packages K and L adhered intimately to both the 
tooth and the composite resin, providing an excellent 
marginal sealing effect. The tooth ?lled by the above 
technique was subjected to a percolation test in which 
the tooth was alternatingly dipped into a water bath 
containing fuchsine dissolved therein at 4° C. and into a 
similar dye-water bath at 60° C. at intervals of 1 minute 
for a total of 100 times. The result showed no in?ltra 
tion of the dye between the ?lling material and the 
tooth. ' > 

What we claim as our invention: 
1. An adhesive composition for cementing teeth or 

bones, comprising 
(1) a phosphinic acid compound wherein the substitu 

ents on the phosphorus atom occur as follows: 

wherein said phosphinic acid compound is a compound 
of the formula: 

wherein R’; and R’z each represent an organic com 
pound residue containing 1 to 25 carbon atoms and 
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having a molecular weight of up to 500, and at least one 
of R11 and R’; contains a, vinyl group, or (2) a polymer 
containing said phosphinic acid compound as a compo 
nent unit, wherein said adhesive composition contains 
0.1 toll0-weight percent as phosphorus of said phos 
phinic acid compound. 

2. The adhesive composition of claim 1, comprising 
said phosphinic acid compound and a polymerization 
initiator comprising a peroxide,'an amine and a sul? 
mate. 

3. A dental ?lling material having an improved adhe 
sive af?nity for the tooth, comprising: an admixture of a 
?ller with an adhesive composition comprising (1) a 
phosphinic acid compound wherein the substituents on 
the phosphorus atom occur as follows: 

and wherein said phosphinic acid compound is a com 
pound of the formula: 

OH 

wherein R’1 and R’; each represent an organic com 
pound residue containing 1 to 25 carbon atoms and 
having a molecular weight of up to 500, and at least one 
of R’1 and R’; contains a vinyl group, (2) a copolymeriz 
able monomer comprising a methacrylic acid ester and 
(3) a polymerization initiator, wherein said adhesive 
composition contains 0.1 to 10 weight percent as phos 
phorus of said phosphinic acid compound. 

4. A dental adhesive primer for bonding a dental 
?lling material to the tooth, comprising: (1) a phos 
phinic acid compound wherein the substituents on the 
phosphorus atom occur as follows: 

OH 

and wherein said phosphinic acid compound is a com 
pound of the formula: 

l 
on 

wherein R'1 and R’; each represent an organic com 
pound residue containing 1 to 25 carbon atoms and 
having a molecular weight of up to 500, and at least one 
of R'1 and R’; contains a vinyl group, and (2) a copoly 
merizable monomer comprising a methacrylic acid es~ 
ter, wherein said\adhesive primer contains 0.1 to 10 

. weight percent as phosphorus of said phosphinic acid 

65 
compound. 

5. The dental adhesive primer of claim 1, wherein 
said methacrylic acid ester is methyl methacrylate, hy 
droxyethyl methacrylate, bisphenol-A diglycidyl meth 
acrylate, bisphenol-A dimethacrylate, ethylene glycol 
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dimethacrylate, triethylene glycol dimethacrylate or 
neopentyl glycol dimethacrylate. ' 

6. The dental adhesive primer of claim 4, additionally 
comprising a polymerization initiator. ' 

7. The dental adhesive primer of claim 6, wherein 
said primer comprises at least two independent pack 
ages, at least one of said packages containing said phos 
phinic acid compound. 

8. The dental adhesive primer of claim 7, wherein one 
of said packages comprises said phosphinic acid com 
pound and a volatile organic solvent having a boiling 
point of not higher than 80° C. 

9. The dental adhesive primer of claim 7, wherein one 
of said packages comprises‘ said phosphinic acid com 
pound and said copolymerizable monomer. 

10. An orthodontic restoration material, comprising: 
a dental ?lling material and a dental adhesive agent for 
bonding said ?lling material to the tooth, at least one of 
said ?lling material and said dental adhesive agent com 
prising an adhesive composition containing (1) a phos 
phinic acid compound wherein the substituents on the 
phosphorus atom occur as follows: 
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and wherein said phosphinic acid compound is a com 
pound of the formula: 

wherein R'1 and R’; each represent an organic com 
pound residue containing 1 to‘ 25 carbon atoms and 
having a molecular weight of up to 500, and at least one 
of R'I and R’; contains a vinyl group, and (2) a copoly 
merizable monomer comprising a methacrylicacid es- . . 

ter, wherein said adhesive composition contains 0.1 to 
10 weight percent as phosphorus of said phosphinic acid 
compound. 

* it 1|! * t 
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